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Measuring the Effectiveness of Violence Risk Communication
In research investigating the communication of risk for violent recidivism, Hilton and colleagues (Hilton, Harris, Rawson, & Beach, 2005; Hilton et al., 2008 ) evaluated the quality of forensic decisions using a performance standard in which assigning greater security to higher risk offenders was considered desirable. Risk was measured by the VRAG, a 12-item actuarial risk assessment that yields a total score that places the assessed offender into one of nine categories of ascending risk for violent recidivism. Hilton et al. (2008) gave their participants brief case descriptions either with or without a numerical probability statement, and with or without the addition of non-numerical risk category labels (e.g., "high risk"). They reported that participants assigned greater security to the case with the higher VRAG score when the risk assessment result was stated (particularly as a percentage rather than a frequency) but adding a categorical judgment (e.g., "high risk") did not improve the decision. In these studies, the higher and lower risk cases used differed substantially in their estimated risk of violence, corresponding to an actuarial risk of 64% and 24%, respectively. Scurich, Monahan, and John (2012) subsequently reported that a case description and statistical information was sufficient to produce a desirable distinction between offenders with an 8%, 26% or 76% risk. In the present research we aimed to extend this research further, examining whether forensic decisions can be made that are sensitive to differences between risk levels as small as consecutive categories of violence risk. The risk categories in Study 1 differed in likelihood of recidivism by as little as seven percentage points.
Strategies to improve appropriate use of actuarial risk need to consider the limiting effect of numeracy because the benefit of any risk communication method could differ for more or less numerate people (e.g., Fagerlin, Ubel, Smith, & Zikmund-Fisher, 2007) . Numeracy affects performance on tasks involving calculating or applying risks (e.g., Chapman & Liu, 2009; Keller & Siegrist, 2009; resulting in poor decision making (Peters, Hibbard, Slovic, & Dieckmann, 2007) . Even highly educated adults show poor statistical reasoning (e.g., Lipkus, Samsa, & Rimer, 2001 ) and statistical innumeracy is commonplace among clinicians (e.g., Wegwarth & Gigerenzer, 2011 ) who make little distinction between different risk statistics (e.g., Hilton et al., 2005) . Numeracy also limits the efficiency and accuracy of use of numeric information depicted in graphs (e.g., Hess, Visshchers, & Siegrist, 2011) , leading some researchers to consider implications for designing and testing risk communication graphs with the less numerate in mind (e.g., Hess, Visshers, Siegrist, & Keller, 2011) . In the present research, we included a brief test of statistical numeracy and treated it as a covariate in a test of factors associated with performance on a forensic decision task. Also, we identified less numerate participants as in some previous research on numeracy and risk communication (Scurich, 2015; to examine which condition was most associated with their performance.
Study 1
Several different graphical formats have been suggested for use to communicate offenders' risk of recidivism, but there is little existing empirical literature indicating that graphs can aid forensic decision making that can guide such a study with forensic clinicians. Evidence from medical risk communication studies shows that graphs that research participants say they prefer (including simple vertical bar charts) are not necessarily those that improve the accuracy of the risk perception or the extent to which their decisions are associated with the portrayed risk (e.g., Ancker et al. 2006; Brown et al., 2011; McCaffery, Dixon, Hayen, Jansen, Smith, & Simpson, 2012; Price, Cameron, & Butow, 2007) . Therefore, we conducted a pilot study to examine whether graphs can influence forensic risk communication, and to investigate the most effective format for improving forensic decisions from the suggestions made in the existing offender risk communication literature.
We selected graphs to represent probability of recidivism or percentile rank because both are normally communicated in violence risk assessment. Absolute probability of recidivism has been portrayed in a bar chart indicating probability (or percentage) of recidivism as a function of risk category by the developers of a number of actuarial risk assessment tools (e.g., Harris et al., 2015; Hilton, Harris, & Rice, 2010) . Bar charts are considered suitable for portraying categorical data (e.g., Lyons, 2010) , although they do not necessarily lead to the most accurate risk-related decision making (e.g., Brown et al., 2011; McCaffery et al., 2012) . Pie charts representing percentage recidivism across risk categories have also been used, particularly for communicating risk to laypersons (e.g., Hilton et al., 2010) , although there is evidence that pie charts do not help people compare risks (e.g., Stone et al., 2003) .
Percentile rank is arguably more important when making decisions about more than one case but this statistic is poorly understood in forensic risk assessment (e.g., Hilton et al., 2005) .
We created a second bar graph illustrating percentile rank based on the Harris et al. data instead of their superimposed line graph in order to more clearly illustrate each offender's place within the distribution. We also used a thermometer style graph to illustrate percentile rank, based on a recommendation by Babchishin and Hanson (2009) . Babchishin and Hanson also suggested icon arrays to portray the confidence interval around the probability of recidivism. We did not test this particular suggestion because the confidence interval is not normally reported with the VRAG and it would require an additional statistical explanation.
In sum, we created four graphs, two (a bar chart and a series of pie charts) to represent absolute risk and two (a bar chart and a thermometer) to represent percentile rank. A fifth condition involved no graph. We tested which condition led to security level recommendations that most strongly distinguished between the two offenders within each pair in terms of the security level chosen. We had no a priori standard for the "most suitable" security levels and anticipated that there could be substantial disagreement between participants on appropriate security. Using a within-participants design controlled for this disagreement and enabled a difference score to be calculated that represented each participant's use of the security options to distinguish between offenders of different risk levels.
Method
The pilot study was reviewed and approved by the Research Ethics Boards of the first author's institution and the university at which the study took place. Students in undergraduate psychology courses signed up for the study for class credit via an online recruitment system. Informed consent, study materials, and debriefing information were all administered through an on-line survey system subscribed to by the university. After eliminating students who gave no response (n = 250) or participated in the wrong condition due to a hyperlink error (n=60), the total sample was 442 adults (70% female) whose mean age was 20.5 years (SD = 2.8).
Design and Materials. We tested the effect of graphs on forensic decision-making in a 5 between-participants (absolute risk bar chart, absolute risk pie chart, percentile rank bar chart, percentile thermometer, or no graph; Figure 1 ) by 2 between-participants (high or low risk level pair of cases) by 2 within-participants (high or low risk level within each case pair) design. High and low risk level was determined by constructing offender case summaries in which the stated actuarial risk was either above or below the base rate in the normative population. Case descriptions involved hypothetical offenders who had committed a violent offense and were undergoing psychiatric assessment. Offenders were described in terms of the 12 items comprising the Violence Risk Appraisal Guide (VRAG; Harris et al., 2015) , and were presented in pairs, representing either VRAG risk categories 3 and 4 (24% and 31% risk of violent recidivism within 10 years, respectively), or VRAG categories 7 and 8 (64% and 82% risk of violent recidivism within 10 years, respectively). These risk categories were selected in order to provide comparable results with previous research which used categories 3 and 7 (Hilton et al., 2005) . With the aim of avoiding a ceiling effect whereby most participants would readily distinguish between offenders with a 4-category difference in risk, and to test whether participants could distinguish between offenders with more similar risk, we paired each case summary with another in a consecutive risk category. The order of presentation cases within each pair was counterbalanced but not used as an experimental condition.
Within risk levels, each participant read each pair of offender case summaries twice.
Presentation 1 included the description of case characteristics only. After each case, participants were asked to select a forensic security placement from one of four options: 1 -release to the community with psychiatric treatment, 2 -commit to a psychiatric hospital with access to the community, 3 -commit to a hospital with no access to the community, 4 -commit to a maximum security hospital for at least 12 months. Presentation 2 was preceded by the instructions, "On this page you will read about the two violent offenders again. This time we have added information about the results of a violence risk appraisal instrument (VRAG)." Presentation 2 included the same information as Presentation 1 plus a) a statement of statistical results of the VRAG assessment, including the risk category, the percentile rank in terms of the percent of offenders scoring lower (low risk condition) or higher (high risk condition) and the percentage likelihood of recidivism within 10 years after release, as recommended by the VRAG authors and as used in previous risk communication research (Hilton et al., 2005) , and b) one of the four graphs or no graph. After each case participants were again asked to select a forensic security placement from one of the four options.
Dependent Measures. The main dependent measure was the difference in forensic security recommendation between the higher risk case and the lower risk case within each pair, with a positive value indicating that the higher risk case of the two was selected for greater security (a desirable result). This difference score does not yield a meaningful number translatable into actual security placements, but it does provide a measure of the distinction that participants made between the two cases. This approach was established by Hilton et al. (2005 Hilton et al. ( , 2008 ) as a measure of effective risk communication. It is similar to a method used by who interpreted the difference between the ratings of risk on a six point scale from 1 (very low) to 6 (very high) for higher and lower risk cases. This forensic decision score was calculated once for Presentation 1 and again for Presentation 2, and we conducted a 2-within (Presentation 1 vs. 2) by a 2-between (high vs. low risk level) by 5-between (no graph or one of four graphs at Presentation 2) analysis of variance (ANOVA) to test the effect of graph condition and risk level on the difference in the forensic decision measure from Presentation 1 to 2.
Participants also responded to questions about their experience with mathematics and statistics, and completed a short test of numeracy derived from Lipkus et al. (2001) . We used the total correct score as a continuous measure of numeracy in our main analysis entering it as a covariate in the ANOVA. We then divided participants into more or less numerate groups based on scores above or below the sample median on the numeracy test, as in previous research , to further explore which type of graph was the most beneficial for less numerate participants. Mean forensic decision scores falling outside the 95% confidence interval of another were considered statistically different.
Results
In the 2-x 2 x 5 mixed ANOVA on the forensic decision score with numeracy score as a covariate, there was a main effect of risk level, F (1,417) = 48.81, p <.001, partial η 2 = .105, a main effect of Presentation, F (1,417) = 4.71, p <.031, partial η 2 = .011, and a three-way interaction, F (4,417) = 3.03, p = .018, partial η 2 = .028, but no effect of numeracy, F (1,417) = 0.19, p = .667. The cases in the high risk pair were distinguished in the desirable direction (positive forensic decision scores). Low risk cases were distinguished in the undesirable direction (i.e., participants selected higher security for the risk category "3" case than the risk category "4" case), especially at Presentation 1, but this distinction improved at Presentation 2.
Comparing the benefit of graphs for less numerate participants across risk levels, the bar chart representing absolute probability of recidivism produced the largest positive improvement in the 
Discussion
The bar chart of absolute probability of recidivism resulted in the most effective risk communication, and it adhered to principles of graphical representation of categorical data more closely than the other graphs (e.g., Lyons, 2010; Stone et al., 2003) . Therefore, we selected this bar chart for our main study. In Study 1 we used a student sample because there was no previous research in forensic risk communication to guide our choice of graphs and we wished to test multiple conditions, requiring a larger sample than we anticipated we could recruit from professionals. Study 2 attempted to replicate the benefit of a graph among forensic clinicians.
Study 2
The clinicians who staff forensic psychiatric units are the principal decision makers concerning the security and supervision of forensic patients. (Vrieze & Grove, 2009 ). There is also evidence suggestive of change from initial research finding that forensic decisions were unrelated to actuarial risk (e.g., Hilton & Simmons, 2001) towards a small association between decisions and measured risk (e.g., McKee et al., 2007) , and more recent evidence of clinicians' use of evidence-based tools and risk factors (e.g., Crocker, Nicholls, Charette, & Seto, 2014; Hilton, Simpson, & Ham, 2016; Wilson et al., 2015) . In the present study, therefore, we also measured years of forensic clinical experience and attitudes towards evidence based practices.
Method
This study was conducted in two psychiatric hospitals, among staff of forensic clinical units (maximum and medium security). It was reviewed and approved by the Research Ethics
Boards of each hospital. professional make up. Invitations to participate in the survey were initially emailed to forensic staff to participate in an online version of the survey, but so few participants completed the survey within the first week (n = 6) that we attended staff meetings on the units at both hospitals to recruit participants until our goal of 60 participants was met. The refusal rate at these recruitment meetings was approximately 12%. Questionnaires were provided along with written and oral instructions. Participants were informed that their participation was voluntary, their responses would be treated anonymously and confidentially, and they could contact specific persons regarding the research study and/or ethics with any questions or concerns. To preserve anonymity we requested no identifying information such as professional discipline. Hilton et al., 2008) . In half the questionnaires, the results included a probability bar chart and the statement, "The graph below
Materials and
shows the probability of violent recidivism for the nine VRAG categories. Mr. [M or P]'s probability of violent recidivism is highlighted. The graph used for the category 3 case (Mr. P.)
is shown in Figure 1 .
Participants were asked three questions after each case. The first two served as manipulation checks to ensure that participants attended to the actuarial risk information in both cases: "If Mr. X. were released into the community today, what do you think is his likelihood of violent offending within 10 years?" and "If 100 male violent offenders were standing in a row in order of risk of violently offending, and the first man had the lowest risk and the 100 th man had the highest risk, where would Mr. X stand?" These two questions were intended to reflect absolute risk and percentile rank, respectively, and served to check whether participants attended to the stated risk communicated in the case summary.
The third question asked participants to recommend a security level for each case. The response options reflected the normal possible recommendations to make about a patient to the review board: 1 -absolute discharge, 2 -transfer to open setting, minimum security hospital, 3 -transfer to medium security with community access, 4 -transfer to medium security with no community access, 5 -remain in maximum security but with an early review, 6 -remain in maximum security with the normal 12 month review. We tested whether participants' security recommendations distinguished between patients in consecutive risk categories using a repeated measures t-test of the security recommendations for the two cases.
Dependent Measures. The main dependent measure was the forensic decision score, equal to the difference in security level recommended for the two patients. Following Hilton et al. (2008), we defined a good forensic decision as one in which the category 4 case was recommended higher security than the category 3 case, which would yield a positive value for the forensic decision score. We tested the effect of the graph on the forensic decision score in a 2-within (the two cases) by 2-between (graph or no graph) analysis of variance.
Participants then completed the Evidence Based Practice Attitudes Questionnaire (EBPAS; Aarons, 2004) , stated how many years' experience they had working in forensic mental health, and answered three questions pertaining to risk and probability. Two of these questions were drawn from Lipkus et al. (2001): "Which of the following represents the biggest risk of getting a disease -1/10, 1/100, 1/1000" and "If the probability of getting a viral infection is 0.0005, how many people out of 10000 will get infected?" Questionnaire length precluded using the whole Lipkus et al. test, but we added a third question intended to yield greater discrimination: "If the odds of an event happening is 3:1, what is the probability? 25%, 33%, 66%, 75%." We used EBPAS total score, experience, and numeracy test total score as continuous measures in a series of correlational analyses to test their bivariate association with the forensic decision score, and then added those that were associated as factors to the analysis of variance of forensic decision scores.
1
Results

Participant
Characteristics. There were 62 participants, but only 54 provided a security recommendation for both cases, our primary dependent measure. The mean length of experience working in forensic mental health was 13 years (SD = 9.46). In the numeracy test, the fraction question was answered correctly by 76% of participants, the probability question by 55%, and the odds ratio question by 42%. On the EBPAS, the mean total was 3.78 (SD = 0.55), above the normative average of 2.30 (Aarons, 2004) , indicating moderate-to-great acceptance of evidencebased practice. Experience and numeracy were not substantially associated with each other, r (50) = .115, p = .420, but total mean EBPAS scores were higher among participants with greater numeracy, r (51) = .299, p = .031, and with less forensic experience, r (50) = -.370, p = .007, indicating that more numerate and less experienced clinicians had more positive attitudes towards evidence based practice.
Manipulation Checks. Manipulation checks indicated that, on average, the perceived risk was consistent with the stated probability of recidivism for both cases. For Mr. M, the stated probability was 31%, and the risk perceived by participants was M = 34. Forensic Security Recommendations. The median security recommendation for both cases was 3 (transfer to medium security hospital with community access). The mean security recommendation for Mr. P (VRAG category 3) was 2.78 (SD = 1.15), close to "transfer to medium security with community access," and the mean security level for Mr. M (VRAG category 4, was 3.52 (SD = 1.22), falling between the "community access" and "no community 
Discussion
In this experimental study of decision making by forensic clinicians, security recommendations were on average consistent with an objective standard of good decision making, whereby actuarially higher risk offenders were assigned to greater security than lower risk offenders. Forensic clinicians made this distinction between cases in consecutive categories of violence risk, which differed in probability of violent recidivism by seven percentage points.
Providing clinicians with a graph, selected from a pilot study as one that appeared most effective in violence risk communication, had no overall effect on decision making. Among more experienced staff, however, the provision of a graph had a positive effect on decision making, and without the graph forensic decisions were not in the desirable direction. These findings indicate that there is value in further investigating the benefit of using graphs to improve violence risk communication.
Results also point to the possibility that a newer generation of forensic clinicians may be more likely to make security-related decisions in accordance with actuarial risk, although it might also be that more clinical experience detracts from good decision making. Such an effect could be attributable to decreased attention to new evidence or resistance to developments in forensic risk assessment, similar to the resistance to new statistical techniques observed among researchers by Sharpe (2013) . Indeed, we observed that less experienced forensic clinicians had more positive attitudes towards evidence based practice. Future studies of risk communication among practicing clinicians could examine their familiarity with and beliefs about formal risk assessment and their relation to the influence of risk assessment instruments on their decision making. Clinical training in risk assessment, and its evaluation, could be tailored for participants' levels of clinical experience and comfort with evidence based practice.
Limitations
In order to protect anonymity, we did not ask participants to indicate their professional discipline and we did not measure participants' familiarity with or experience of using actuarial measures. Our finding that experience was associated with forensic decision making could be explained more parsimoniously if less experienced participants were more familiar with the VRAG as a result of more recent forensic training. Not knowing participants' discipline also meant we could not test professional group differences, determine the representativeness of our sample, or compare our sample with those from related studies. Also, our small sample likely restricted statistical power to detect small effect sizes, and we were not able to study more than one graph or one pair of risk categories.
The hypothetical nature of the risk communication exercise raises the question of generalizability to actual clinical practice, and the potential demand characteristics inherent in presenting participants with two cases of different stated actuarial risk might have exaggerated participants' ability to make forensic decisions that distinguish between adjacent risk categories.
Future studies could attempt to replicate the present results using full length reports that are more typical of the material in psychological reports of violence risk and that might lead to more conservative decision making overall (e.g., Hilton et al., 2008) . Other more naturalistic conditions could include using graphs during expert testimony or mock mental health tribunals, or evaluating the effects of a controlled implementation of incorporating graphs into actual risk assessment reports. Outcome measures could move beyond the security level distinction score and include time to reduced security, prioritization for treatment, or conditions imposed.
General Discussion
Violence risk communication research is a fledgling field compared with medical risk communication (e.g., Hilton, Scurich, & Helmus, 2015) , in which researchers have explored such questions as how much detail is helpful in a graph (e.g., Zikmund-Fisher, Fagerlin, & Ubel, 2010) and created computer assisted dynamic presentations of graphical information (e.g., Okan, Garcia-Retamero, Cokely, & Maldonado, 2015) . Comparable research still needs to be conducted on the use of graphs in forensic contexts, in which the decisions are not so much about which treatment a patient might choose but about how much supervision an offender might require during treatment, and the cost-effectiveness of decisions is not so much about relative mortality and survival rates but about balancing the protection of potential victims with the rehabilitation and recovery of offenders. It remains to be tested whether these somewhat different questions require different communication methods in the way that different message framing promotes preventative actions compared with treatment choices in medical health (e.g., Edwards, Elwyn, Covey, Matthews, & Pill, 2001 ).
General Limitations and Future Research
We made decisions about which graphs to test based on their previous use and recommendations for violence risk communication, but had to limit the number of different graphs out of necessity in order to keep to a practical sample size in the pilot study. We elected not to include the confidence-interval icon array previously suggested in the forensic risk communication literature, but icon arrays are considered by some to be the graph of choice for medical risk communication and they can now be readily generated using online technology (e.g., http:/www.iconarray.com). Future research could take advantage of this resource to compare the effectiveness of icon arrays with the simpler bar graph, or to experiment with optimal icon arrays for communicating violence risk.
We used a simple rule for determining "good" forensic decisions. Strengths of this measure of the effectiveness of risk communication include that it was derived from previous research in this field, it represented security options available for forensic patients in our jurisdiction, and it was a simple and brief task suitable for use with students as well as busy professionals. Limitations of this measure include that we had no expectation for the exact security level that should be allocated to an offender in any given category of risk, as risk is not the sole determinant of such decisions and we did not manipulate or measure other pertinent variables such as the resources available in a given jurisdiction. Relatedly, failing to distinguish between two VRAG categories out of nine may not always be a concern if there are only five security options. However, this measure did provide a strong test of clinicians' ability to use actuarial risk information with the aid of a graph for the purpose for which it was intended.
More nuanced investigations of forensic decision making could include the process of allocating treatment or other risk management resources to offenders. For such research lay populations are unlikely to be a proxy for forensic clinicians.
Existing forensic risk communication research has relied on a combination of student samples and small professional samples. Similar to our research, mail-outs to professional association members are subject to low participation rates (e.g., Heilbrun et al., 2004) and researchers often resort to student populations (e.g., Heilbrun, Wolbransky, Shah, & Kelly, 2010; Scurich & John, 2011) . Studying forensic or medical students might be a suitable compromise but it might lack ecological validity and obscure the effects of work experience such as we detected. Public recruitment systems like Amazon's Mechanical Turk have also been used in this field (e.g., Scurich, Monahan, & John, 2012) and have some advantages for behavioral research taking precautions to ensure validity (e.g., Chandler, Mueller, & Paolacci, 2014) , but again this kind of sampling does not represent forensic professionals. An alternative professional group to consider in future research is probation and parole officers, who are more populous than forensic mental health professionals and frequently assess and communicate offender risk.
Incentives for participating might also be an appropriate consideration and would not be a disproportionate expense compared with the costs expended in developing and conducting risk assessments. 
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